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Background 

In an MMWR of July 2 1, 1989 entitled, “interpretation and Use of the Western Blot 
Assay for Serodiagnosis of Human lmmunodeficiency Type 1 Infections,” the Public 
Health Service recommended the use of the CDC/ASTPHLD criteria for blot 
interpretation which state that the presence of any band or bands that do not meet the 
criteria for a positive blot results in an indeterminate interpretation, and that for a sample 
to be reported as negative there must be no bands at all visible on the blot. This includes 
the absence of any non-viral bands that often appear on Western blots, usually as very 
narrow bands at defined molecular weights In most cases, non-viral bands result from 
the binding of certain antibodies in the serum to contaminating cellular proteins that are 
by-products of the production of the whole viral lysate that is used to manufacture the 
Western blot strips Currently, the package inserts for all four licensed Western blots 
state that the criterion for a negative blot is “no bands present” or “the absence of any 
band reactivity ” 

Non-viral bands on a Western blot are to some degree kit specific. For the Calypte HIV- 
1 Western Blot Kit, the non-viral bands most commonly seen are bands above 
gpl20/160, ~70, p7 and p5 For the Bio-Rad Novapath HIV-1 Immunoblot, the bands are 
a thin pl 10, a ~90, and occasionall!, p70 or ~40, for the Genetic Systems HIV-I Western 
Blot, ~42 is the most frequent non-viral band; for the 

--- In comparison, the virus specific bands on the HIV-l 



Western blot are p I7 and ~24 (gag or core proteins), p3 1 (the endonuclease component of 
the polymerase translate), gp4 1 (transmembrane envelope glycoproteins), p5 I and p65 
(reverse transcriptase components of the polymerase gene translate), p55 (a precursor of 
gag or core proteins), gp 120 (the outer envelope glycoprotein) and gp 160 (a precursor of 
the envelope glycoprotein). 
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Impact of a Change in Police 

Currently, if a repeatedly reactive donation is Western blot indeterminate, due to the 
presence of non-viral bands or viral bands that do not meet the criteria for a positive blot 
interpretation, the donor is deferred indefinitely and is not eligible for reentry. The donor 
is counseled that there is a chance that they are infected with HIV, and that they should 
receive follow-up testing If the Western blot pattern is stable for 6 months, they are 
reassured that they are almost certainly not infected with HIV-l, but will remain deferred 
indefinitely because of their test results Since almost all HIV-infected persons with 
initial indeterminate Western blot results will develop detectable HIV antibody within 1 
month, this 6-month time period may soon be shortened. A draft PHS guideline on HIV 
counseltng, testing, and referral proposes to recommend that persons with an initial 
indeterminate Western blot result be retested for HIV infection at least 1 month after the 
first indeterminate result and that persons with continued indeterminate Western blot 
results after I month are highly unlikely to be infected and may be counseled as such. 



It has been reported that approximately 15% of all indeterminate Western blots have non- 
viral bands only. Since indeterminates represent about 44.5% of all repeatedly reactive 
samples, approximately 6.7% of all repeatedly reactive samples are non-viral band only 
indeterminates. Out of 12 million donations nationwide per year, with a repeatedly 
reactive rate of approximately 0.09%, about 700 non-viral band only indeterminate 
donors per year are currently deferred indefinitely because of their indeterminate blot 
results. As for all other indeterminate blots, these donors are given a counseling message 
that there is a chance that they are infected with HIV but that they should get retested in 
about a month. 

If Western blots that exhibit non-viral bands only were to be interpreted and reported as 
negative, the donors could be reentered using the current reentry algorithm if a 
subsequent sample is negative on the EIA and on a Western blot. It has been reported 
that due to persistent repeatedly reactive results on the EIA, less than 10 % of all donors 
for which reentry is attempted are actually reentered and eligible for future donation. 
Thus, the major benefit to interpreting the Western blots for these 700 or so donors per 
year as negative is that they would receive a counseling message that says they are not 
infected with HIV rather than donor reentry in a small number of cases. 

In June 1996, FDA presented to the Blood Products Advisory Committee a modified 
algorithm to reenter donors who have an indeterminate HIV-1 Western blot, whether due 
to viral or non-viral bands. This algorithm was based on data that showed that the vast 
majority of indeterminate patterns do persist, and represent uninfected individuals. By 
the new HIV reentry algorithm, which was endorsed unanimously by the Committee but 
has yet to be recommended by FDA due lo continued absence of an ETA approved for 
sensitive detection of HIV-l group 0. donors with indeterminate blots, whether due to 
viral or non-viral bands, eventually could be reentered if their subsequent sample and 
then donation are EIA negative, without re-running a Western blot. 

Safetv Considerations 

It should be pointed out that in the event of a repeatedly reactive EIA screening test, 
regardless of the Western blot result, the current donation is discarded so there would be 
no danger to a recipient that would result from any change in this blot interpretation 
policy 

At their meeting last March, APHL (the Association of Public Health Laboratories) 
recommended that “An interpretation of negative should mean no d bands. Non-viral 
bands (e.g., ~70) should not be required to be reported [because] since 1991 no individual 
exhibiting non-viral banding has been associated with either early seroconversion, 
detection of different HIV-l subtypes, or other disease agents.” 

In this session we will hear statements that reflect the widely held belief that such a 
change lo the policy of interpreting non-viral band only Western blots does not represent 
a threat IO the safety of the blood supply In this session, we will see that early 
seroconverters exhibit specific viral band patterns such as a weak p24 band or a weak 



gp12O/gp160 band, or both, and that these patterns are readily identifiable without 
confusion due to non-viral bands 

We will also hear concerns that there is a danger of non-viral band only blots being 
misinterpreted by small volume testing laboratories whose personnel may not be 
proficient in interpreting Western blot patterns. Specifically, concern exists that a viral 
band such as a ~65 may be misread as a non-viral ~70, or an uncharacteristically thin 
gp41 viral band may be misread as a non-viral p40 band, and as a result the blot 
misinterpreted as negative. It should be pointed out that the occurrence of blots that 
exhibit these bands only, without any other bands present, is reportedly extremely rare. 
This concern regarding possible misinterpretation of blots could be alleviated by focusing 
on effective training and proficiency testing of new or inexperienced Western blot users. 
In the interim, the recent introduction of Nucleic Acid Testing (NAT) provides an, added 
layer of safety in the event the donor is a seroconverter with an indeterminate Western 
blot. Currently, the industry estimates that 99% of all blood donations in the U.S. are 
being screened by NAT for HIV-l RNA using minipool testing of serum from those 
donations. Small pool sizes such as 16 and 24 unit pools are being used, so NAT testing 
has the high sensitivity to provide added assurance that a donation from a seroconverter 
will be interdicted. 

An additional concern has been raised that an HIV-l Western blot from an individual 
infected with HIV-2 that shows viral HIV-2 bands could be misinterpreted as negative, 
However, blots from an individual infected with HIV-2 usually show both gag and pol 
bands, and would at least be interpreted as indeterminate on an HIV-l blot. 

And so, in considering the question of whether to permit HIV-l Western blots with only 
non-viral bands to be interpreted as negative, we are faced with a scientific argument that 
must be weighed against a potential public health concern, The scientific argument is 
that individuals with non-viral band only Western blots are not infected with HIV. The 
public health concern is that indeterminate blots with viral bands may be misinterpreted 
as negative by inexperienced Western blot users. 

A trained individual can readily distinguish a non-viral banding pattern and interpret the 
blot as negative However, with the possibility of less experienced individuals 
misinterpreting the blot, the question is. is it better public health practice to take the 
conservative approach and perform the follow-up testing or to notify the donor that the 
test was negative ? 

A middle ground approach also is possible whereby the counseling message could be 
stratified based on the band pattern That is, different counseling messages that reflect 
the likelihood of infection could be provided to donors with indeterminate blots with viral 
bands present and to donors with indeterminate blots with viral bands absent. 



QUESTIONS FOR THE COMMITTEE: 

1. Should FDA permit indeterminate blots with only non-viral bands to be interpreted as 
negative? 

2 If not, should blot interpretations such as “Indeterminate (Viral Bands Present)” and 
“Indeterminate (Viral Bands Absent)” be reported with distinct counseling messages? 

3. Does the Committee see the need for additional studies? 
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The Association of Stare and Territotial Public Health Laboratory Oktuton 
(ASTPHLD) and WC have collaborated in preparing this report It includes ‘a 
dexriptioti of va~oua fnfuqk&ti criraria associated with the Western blot teat 
for HIV-l, bva+~a(a~ tee oensi&ity and sjwciticity of these &aria as tools br 
public he!tth pra&ce, and pruvides n?&mend8tiOnS for use of the Wwem 

. 

blot and (ha ,rnkyw in which tq r&pot? results in order to provide clinic/ens and 
public health ppiicy officials with useful information in their afkts to teach an 
ac&rate diagnosia for personi tasted for HIV-l infection. 

. 
. 

lNTFtOOUCTlON - 
The development of sensitive and specific tests for antibody io human immuno- 

” 
deficiency vips type 1 (HIV-11 progressed mpidly rher this retrovirur was identified 
as the cake of acquired inimunodeficiency syndrome (AIDS). These tests have been 
used for various purposes,‘includln~ dinical diagnosis of HIV-1 infection-for symp 
tomatic snd asykptomatic patients in counseling and testing programa-for wro- 
prevalenc,e surveys, and for blood-donor screening. 

Enzyme immunoassay (ElA) is the most widely used serologic test for detecting 
antibody to’HlV-1; serum sampldi that are repeatedly reactive in the ElA for HIV-1 
antibody are then retested with a supplemental and more specific test, the most 
common of which is the Western blot (l-3. To date, only one commercial Western. . 

blot test (Du Ponp) has been licensed by the Food and Drug Administration (FDA). 
The purpose of this mport’is to provide guidance for interpreting Western blot test . _ 
results and their use in diagnosing HIV-1 infection. . . . . . . .: 

Yin of prrrkiprnts: AsTpHLD Cornmitt& on Tting for A~?wwlruwr: Wilfkn J. Hausler, Jr, 
Ph.D. (Chrlrmrn], J. Mqhun Joseph, Ph.D., Arthur F. DiS&o, M.D., Mahadeo P. Venru, Ph.D. 
(President). Program Cornmilk AS7PHLD Consenrur Conference: Jane P. Getchrll, Dr.P.H. 
CDC: 0. Pater.Drotrkn, M.D., M.P.H., J. Richard George, Ph.D., Gerald schochetman, Ph.D., 
Chwles A Sdwble, MS., Wanda K. Jones, Dr.P.H, Thomas L Herm, M.S., William S&alla, M.S. 
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THE WESTERN BLOT ASSAY 
The Western blot assay is a method in which individual proteins of an HIV-1 iysate 

are separated according to size by poiyacryiamide gel electrophoresis. The viral 
proteins are then transferred bnto’nitroceilulose paper and reacted with the patient’s 
serum. Any HIV antibody from the patient’s serum is detected by an antihuman 
immunoglobulin G (IgG) antibody conjugated with an enzyme that in the presenoe of 
substrate wlli produce a colored band. Positive and negative control serum speci- 
mens are run simultaneously to allow identification of viral proteins. 

Table 1 lists the major stmctural proteins coded for by the HIV genome. AntibodIes 
to the HIV-1 major group-specific antigen (GAG) protein ~24, and its preounor p56, 
am the eadiest detected after infect% by Western blot and tend to decrease or 
become undetectable with onset or progression of clinical symptoms (4-S). In Y” 
contrast, andbodies to,the envelope (ENVY precursor protein gp160 and the final ENV 
proteins (gp120 arid gp41) ‘can be detected in specimens from virtually all HIV- 
infected persons regardless of clinical stage (ML Antibodies to the polymemse (PGU 
gene products (p31, ~51, and ~66) are also commonly detected if these antigens are 
present on. the .Westem blot strips. However, in a recent study, the protein with a 
mobility of 160 kiiodaltons (kd) present in commercially available Western blots and 
in viral’lysate antigen pmparationa was identified as a multimer of the gp41 protein 
( IU,f 1). Purthermore, this study presented evidence that the reaction observed 
against the gpl20 on c&tain Western blots may have resulted in part from a reaction 
with a multimeric farm of the gp41; in fact, the true gpli0 wss shown to be absent 
from some commercial Western blot antigens. When these reagents were used, 
serum specimhs with only gp41 antibodies produced bands at the 41-, 120., and 
160&d position& - 

. 

Intefpreti* Crltelia . 

Although the overall sensitivity and specificity of the Western blot for detection of 
antibodies to the various viral proteins am high, there has been substantial debate 

: regarding the interpretive criteria, The currently licensed Du Pont Western blot test 
specifies that the test result should, be interpreted as positive only when the detected 
bands include ~24 and p21, and gp41 or gp1201160 (14 (see Table 2). Conversely,a 
negative Du Pont Western blot test rasult requires the absence of dny and ail 
bands-not just viral-bands. All other patterns are regarded as indeterminate. This 
interpretation scheme maximizes the specificity of the assay and is mainly intended 
for use with samples from persons, such as blood donors, for whom there Is usually 
little clinical or virologic information available. (Donated units of blood eat am 

TABLE 1. Major’genes and geno products of HlV-1 . 

Gene Gene produe@ 
Grouprpecific l dgenkore (GAG) Pm P24. P55 

PahFemse IPOLl I% PSl, P8tl 
Eklope fENVl 

: 
apal* i3P120. gp160 

l p - protein: gp - glvcopfouin. Numbers indicate the approximate molecular weights of the 
l tigrns in kilod&ons. 
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repeatedly reactive by EIA are discarded; Western blot results am used to guide 
donor notifiadon and deferral.) These criteria are not ideal far ail situations, 
especially the testing of persons at increased risk for HIV infection, or with syrnptoma 
suggestive of this infection. 

Alternative criteria have been proposed by various groups. ASTPHLD has prk 
posed that a positive test result be defined by the presence of an two of the following 
bands: ~24, gp41, and gp120/160 (13). ‘The ConXMiUm for 4k etrovfn~s Serology 
Standardiiation (CR%) has defined a positive test resuh as the presence of either p24 
or p31, plus a diffuse envelope band (i.e., gp41 or gpl2OIl60) (14). The ArnezRad 
Cross haa defined a poqitive test result as il band from each of the GAG, PGL and 
ENV gene-product groups (Y5). These three groups anmont alI rgree that an 
indeterminate result is the presence of any other band or bands that fail to meet the ‘. 
positive criteria, and that a negative result is the absence of all bands. 

The,criteria fqr a negative Western blot interpmtation specify “no bands.” This 
lnterprgtation Is bjsentjal because some ob&ved ba!ds may mflect the pmsence of 
antibodiee to HIV regulatory proteina or may indicatq partially processed or degraded 
viral $truc+ral protelns. Furthermore, different Western blots (commercial, as well as 
“in-house” preparations) and different virus-antigen preparations used to prepare 
Wqstsm blpts may contain diffemnt numbers and concentrations of both viml- 
specific and contaminating cellular proteins that may have unpredictable molecular 
weights. 

Evaluation of Criteria 

To compare the four sets of criteria for Western blot interpretation, CDC selected 
424 serum samples on th,e basis of the patients’ clinical status and EIA results only, 
and analyzed them using the licensed Du Pont Western blot test (COC unpublished 
data). The samples were scored according to each of the criteria (Table 3). For all three 
categories with repeatedly reactive ElA test results, the Western blot results demon- 
strate that the ASTPHLD definition gives the highest percentage of positive’and the 
lowest percentage of indeterminate results. The interpretive standards that require 

i 

TABLE 2 Criteria for positive intarpmtation of Western blot tests 

orgJnh8tlon cdtdJ 
. Auocirtion of State and Anywo0f:~ 

Twritorld Public Health * l p24 
bbomory oirectofdcDc l Wl 

l gplZWgplW* 

FDA-tkensed Du Pont test pi4 Jnd p31 e gp41 or gplZWgpl60 

Amrrlcan RQCI Crou l 2 bmdr-1 from JJC~ gJnbproduct group: 
l GAGJd 

l mt.Jx 

.ENV- 
Consortium for Retmvirua r2 brndr: ~24 or p31, plus 
gemlogy gtandardiion l gp41or - 

l Distlngui8hing the 9~120 brnd from the gp160 bJnd h often very difficut There two 

glycapmtoiru cm be considered IS ON rJJctJnt for purpo~u~ of intrrprrting Wertrm blot tat 
results. 
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the identification of bands from each of the three groups of gene products tsnd to 
have indeterminate results for some AIDS Jnd other symptomsdc pstients due to 
absence of antibodies to p24 (n-51 or to p31 (n- 14) or absents of both types of 
antibodies (n -2). Since these patients clearly are infected with HIV, the three- 
gene-product approach to Western blot interpretation is not ssnsitive enough for 
public health or clinical practice. 

The ASTPHLD/CDC criteria for a positive Western blot differ from the CRSS critsria 
in two wsys: first, ASTF+HLD/CDC deletes p31, s change that doss not affect the 
sensitivity or specificity of the criteria (Table 31, and second, ASTPHLDEDC adds 
“gp41 snd’gpl2oH60,” a combination not interpreted as positlvs, wfth the CRSS 
criteria. This latter combination of bands represents antibody to snvelope*glycopro- 
teins only. In practice, this is s rare finding for asymptomatically infected persons, but: 
it has been reported to be specific for HIV-infected persons and should be induded in” 
the positive criteria (9L However, when a Western blot test has only the multimeric 
form of gp41 snd no true gp120 present, a serum sample wou!d be scored as positive 
on the basis of the presdnce of antibody to a single envelope giycoprotein, gp41. 
HIV-l-infected persons with this profile have lost their antibodies to the GAG proteins 
and are usually symptomatic and do not present a diagnostic problem. 

The ASTPHLD/CDC Interpretive critqria for a negative result are identicsl to the FDA 
recommendation for blood-donor reentry or the Western blot lnterprstivs criteria that 
are specified in the liixnsed Western blot kit package insert. 

RECOMMENDATIONS 
On the basis of the results described above, CDC concurred with the ASTPHLD 

criteria snd recommends their use in public health and clinics1 practks. 
Laboratories should report test results as positive, indeterminate, or negative. The 

Public Health Service .recommends that no positive test results be given to clienti 
patients until a screening test has been repeatedly reactive (i.e., L two tests) on the 

TABLE 3. Wsstem blot results of 424 serum samples by four fntsrprstive stands& 

statam rmkr P r’w P I N c I N P I N 
GroupA Reputdy IMS7) 24 2l - 76&3110(121 - 62172)2Y28J - 748Sl12(14~ - 
(n-w) ruahfo 
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same specimen and a supplemental, more specific test such as the Western blot has 
been used to validate those msutts (3). Upon request, laboratory reports may also 
contain a list of the bands detected and reference to the interpretive criteria the 
laboratory uses. Because of the variability of unlicensed reagents, laboratories Wing 
non-FDA-licensed Western blots,should compare, on a routine basis, their tests with 
the FDA-licensed Western blot kit using virell-characterized serum specimens. 

CfiniwI diagnosis and follow-up of patients is the respdnsibilitr of the clini&sl 
practitioner. Serologic test m&s am but one contribution to a patient’s data base, 
which contains medical hjstory (including high-risk behavior or Sxpoturs to HIV), 
re#ults of physical examination, and other clinical findings. Clinicians must consider 
the total profile for a clien! when attempting to mqke s diagnosis after indeterminate 
Western blot results have been obtained. Accurate diagnosis for such persons can be 
&&ilenging-and the challenge can be complicated by the tendency of some clients e\ 
to become distressed by the apparent “unceminv of their test results. 

&ical folrow-up of ptients with indeterminate Western blot results may require 
many mqnths of observation, intqrviewing, and testing. Most indeterminate patterns 
involve ~18 (also referred to as p17), ~24, or ~55, or any combination of these three 
proteins (M-18). In one study of 390 “atypical” or indeterminate samples, 53% 
reacted sgainst ~24, with or without ~18 or p55; 47% reacted against p18 (but not 
~241, with or without p55 ( 14. 

Some indeterminate results may be obtained w&h serum samples from persons 
who are in ‘the process of seroconverting. A compilation of 209 volunteer blood 
donors with GAG-only indeterminate Western blot results were followed for as long 
as 2 yearn (17-21). buring that time, only fve of 134 persons who had initially reacted 
to p24 developed additional bands on the Western blot test None of the 75 persons 
who initially teacted against pl8 (but not ~24) developed additional bands. The five 
persons who did saroconyeR had positive results when their first follow-up samples 
were tested. The Intervals between initial and follow-up tests were 8 weeks (two 
persons), 20 weeks (two per&n@, and 32 weeks (one person). The three longest 
intervals reffected delays in follow-up testing and not the actual time to seroconver- 
sitin. These results do not refute earlier findings that seroconvenion typically ocwrs 
within 3 months of infection (5,#I. The importance of careful risk assessment fir 
persons with Indeterminate Western blot patterns was reemphasized when in one 
study (18) two of three people who initially had indeterminate results (but later 
seroconverted) disclosed histories of risk behavior when they were reinterviewed. 
during follow-up. . _- 

A person whose Western blot test results continue to be consistently indeter& 
nate for at least 6 months-in the absence of any known risk factors, &i-l 
symptoms, or other findings-may be considered to be negative for antibodies to 
HIV-l. Such persons should be reassured that theyare almost certainly not infected 
with HIV-l. However, no large-scale studies have been done to provide vixogic date 
to confiim independently the serologic findings from the studies of clients whose 
Western blot test results are consistendy indeterminate. In contrast, an asymptomatic 
person who has an indeterminate Western blot test result and a history of possible 
exposure 19 or symptoms compatible with HIV infection requires additional diagnos- 
tic fo&w-up. This should indude conducting serial Western blot testing, assewIng 
the function of the individual’s immune system, and eliciting the cooperation of the 
person’s sexual and needle-sharing partners to determIne whether they are infected. 
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Individuals with a pattern of indeterminate. Western blot test resutts should not 
donate blood or plasma for either transfusion or use in manufactured blood product& 

As the HNlAlDS epidemic continues, additional tasts of higher specificity will be 
needed to decrease the number of false-positive reaction8 and to permit correct 
diagnosis of HIV infection in a larger spectrum of clinical situations In which an 
indeterminate antibody profile exists. The use of new antibody tests based on 
antigens derived by recombinant deoxyribonucleic acid (DNA) technology or the 
application of DNA probe technology-particularly ONA amplification by the poiy- 
merase chain reaction (PCRkalready shows promise in this area (23). 
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